I Research

Survival after out-of-hospital cardiac arrest, Viet Nam: multicentre

prospective cohort study
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Objective To investigate factors associated with survival after out-of-hospital cardiac arrest in Viet Nam.

Methods We did a multicentre prospective observational study of people (> 18 years) presenting with out-of-hospital cardiac arrest (not
caused by trauma) to three tertiary hospitals in Viet Nam from February 2014 to December 2018. We collected data on characteristics,
management and outcomes of patients with out-of-hospital cardiac arrest and compared these data by type of transportation to hospital
and survival to hospital admission. We assessed factors associated with survival to admission to and discharge from hospital using logistic
regression analysis.

Findings Of 590 eligible people with out-of-hospital cardiac arrest, 440 (74.6%) were male and the mean age was 56.1 years (standard
deviation: 17.2). Only 24.2% (143/590) of these people survived to hospital admission and 14.1% (83/590) survived to hospital discharge.
Most cardiac arrests (67.8%; 400/590) occurred at home, 79.4% (444/559) were witnessed by bystanders and 22.3% (124/555) were given
cardiopulmonary resuscitation by a bystander. Only 8.6% (51/590) of the people were taken to hospital by the emergency medical services
and 32.2% (49/152) received pre-hospital defibrillation. Pre-hospital defibrillation (odds ratio, OR: 3.90; 95% confidence interval, Cl: 1.54-9.90)
and return of spontaneous circulation in the emergency department (OR: 2.89; 95% Cl: 1.03-8.12) were associated with survival to hospital
admission. Hypothermia therapy during post-resuscitation care was associated with survival to discharge (OR:5.44; 95% (l: 2.33-12.74).
Conclusion Improvements are needed in the emergency medical services in Viet Nam such as increasing bystander cardiopulmonary
resuscitation and public access defibrillation, and improving ambulance and post-resuscitation care.

Abstracts in e H13Z, Francais, Pycckuii and Espafiol at the end of each article.

Introduction

Out-of-hospital cardiac arrest is one of the leading causes of
death and disability worldwide"* and contributes to as much
as 10% of the total mortality in low- and middle-income coun-
tries.>~> Out-of-hospital cardiac arrest is defined as the loss of
functional cardiac mechanical activity in association with an
absence of systemic circulation, occurring outside of a hospital
setting.®” The exact public health burden of out-of-hospital
cardiac arrest is not known because a considerable number of
cases are not attended by emergency medical services and wide
variations exist between different regions, races and continents
in both reporting systems and survival outcomes.>*!!

In Asia-Pacific countries, emergency medical services
systems are underdeveloped and vary considerably.'? Survival
outcomes for out-of-hospital cardiac arrest in Asia differ con-
siderably and these variations may be related to differences
in the patients and the emergency medical services system.'’
These differences suggest that survival outcomes in many
countries can be improved with interventions to enhance

emergency medical services, such as increasing bystander
cardiopulmonary resuscitation through community-based
cardiopulmonary resuscitation training programmes, increas-
ing availability of public access defibrillators and improving
post-resuscitation care.

In Viet Nam, pre-hospital services are not well developed.
In 2008, the Government of Viet Nam introduced a nationwide
policy on the emergency medical services system; however,
only a few places, such as urban areas, have a functioning
emergency medical services system. Moreover, the ambu-
lances, trained and accredited medical staff, and life-saving
equipment available are limited, and medical oversight and
regular monitoring of quality indicators are uncommon. As
a result, staff of the emergency medical services are often
overworked and not able to respond promptly to emergen-
cies.”*'* Furthermore, although national health insurance
was established in 1992 to improve access to health care and
mitigate the negative impact of user fees introduced in 1989,
neither emergency medical nor private ambulance services
are currently covered by the health insurance.
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Data are lacking on evidence-based
performance measures for emergency
medical services in Viet Nam, par-
ticularly emergency response time."* A
previous study has shown that only 4%
(3/75) of injured patients were trans-
ported to the hospital by ambulances.”
Most patients are brought by taxi, pri-
vate vehicle or motorbike, usually with
no first aid having been provided.'*'>-"
People who have an out-of-hospital
cardiac arrest are also not often taken
to hospital by ambulance; indeed many
may not be taken to hospital at all. Thus,
basic and advanced life support treat-
ment is often delayed for people with
life-threatening illnesses or injuries until
they arrive at the hospital.

Understanding the country-specific
causes, risk and prognosis of out-of-
hospital cardiac arrest is important to
reduce mortality in Viet Nam. The aim
of this study therefore was to investigate
the survival rate from out-of-hospital
cardiac arrest and the factors associated
with survival in the country.

Methods
Study design and setting

This multicentre prospective observa-
tional study is part of the Pan-Asian
Resuscitation Outcomes Study, Clinical
Research Network, which collects data
on patients with out-of-hospital cardiac
arrest admitted to hospital emergency
departments in countries of Asia.'®"
In this study, we used only data for
Viet Nam. The hospitals in Viet Nam
participating in the Pan-Asian study are
three public sector tertiary hospitals in
the three largest cities of the country:
Hanoi (northern Viet Nam) which
serves an estimated 10 million people;
Hue (central Viet Nam) which serves
1.154 million people; and Ho Chi Minh
City (southern Viet Nam) which serves
13 million people. The hospitals receive
patients from all parts of each city. The
reasons for selecting these hospitals
were: (i) these hospitals are the largest
teaching hospitals of each region and
they receive most of the cases attended
by the emergency medical services;
and (ii) together, these three hospitals
serve a varied population of differing
socioeconomic status and ethnicity.
This hospital-based sample is largely
representative of the general urban
population in the country.

Several ambulance services are
available in Viet Nam, but only one

emergency service has an emergency
number (i.e. 115), trained and accred-
ited medical staff, life-saving equipment,
medical oversight and quality indicators
that are regularly monitored. Several
other private organizations provide so-
called emergency transportation but
with limited medical interventions at
the scene or during transportation.”
For this study, we categorized type of
pre-hospital transportation into two
groups: emergency medical services,
which refers to ambulances dispatched
by an emergency medical services
dispatch centre; and non-emergency
medical services, which refers to private
ambulances, own or private transport, or
public transport. We defined a private
ambulance as an ambulance that was
not dispatched by an emergency medical
services dispatch centre. Own or private
transport includes transport in vehicles
of family members, relatives, neighbours
or passers-by. Public transport includes
taxis, buses or other types of public
transport.

Participants

This study included all patients (older
than 18 years) presenting with out-of-
hospital cardiac arrest to the emergency
departments of the three hospitals.
People with cardiac arrest caused by
traumatic injury were excluded. We
defined a case of out-of-hospital cardiac
arrest as a person who was unresponsive,
not breathing and without a pulse out-
side the hospital setting.?’~** A physician
confirmed the diagnosis either in the
ambulance or in the emergency depart-
ment. We excluded patients for whom
resuscitation was not attempted by staff
of the emergency medical services or
private ambulance at the scene or on the
way to hospital and who were immedi-
ately pronounced dead (because of rigor
mortis, lividity and do not resuscitate
orders) at the emergency department.
However, we included patients on whom
resuscitation was attempted but who
were later pronounced dead before they
reached hospital.

Data collection

We used a standardized classification
and case record form to collect data on
common variables. The data dictionary
of the Pan-Asian Resuscitation Out-
comes Study is available as an online
supplement of a previously published
paper.’® We extracted data from emer-
gency dispatch records, ambulance
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patient case notes, and emergency
department and in-hospital records.
Data were entered into the database of
the Pan-Asian Resuscitation Outcomes
Study by the electronic data-capture
system. Patient identifiers were not en-
tered in the database to protect patient
confidentiality. We then merged the data
sets for the three hospitals. Each hospital
contributed 5 years of data from Febru-
ary 2014 to December 2018.

Variables

We included variables based on Utstein
recommendations,* such as informa-
tion on: (i) bystander cardiopulmonary
resuscitation; (ii) availability of pub-
lic access defibrillator; (iii) response
times; (iv) provision of advanced life
support (e.g. intravenous drugs, ad-
vanced airway management including
endotracheal intubation, or alternative
airway devices); (v) cause of the arrest
(a cardiac arrest was presumed unless
it was known or likely that the arrest
had a non-cardiac cause (e.g. asthma,
terminal illness, cerebrovascular ac-
cident, drug overdose, suicide, drown-
ing or trauma)); and (vi) specialized
post-resuscitation care (hypothermia or
extracorporeal membrane oxygenation).
We also collected data on the location of
the out-of-hospital cardiac arrest (e.g.
home, public area). We collected data
on system variables which are available
in the data repository.”

Outcomes

The primary outcome was survival to
hospital admission. We also examined
the following secondary outcomes: re-
turn of spontaneous circulation, survival
to hospital discharge and neurological
status on discharge from hospital.”®

Statistical analyses

We used IBM® SPSS® Statistics 25.0 (IBM
Corp., Armonk, United States of Amer-
ica) for data analysis. We report data as
number and percentages for categorical
variables and median and interquartile
range or mean and standard deviation
(SD) for continuous variables. We com-
pared death before hospital admission
and survival to admission according
to type of pre-hospital care using the
X* test or Fisher exact test for categori-
cal variables and the Mann-Whitney
U test, Kruskal-Wallis test, one-way
analysis of variance, paired t-test, or
Wilcoxon signed-rank test for con-
tinuous variables. We assessed factors
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associated with survival using logistic
regression analysis and included inde-
pendent variables related to the patient
(age, sex and past medical history), the
cardiac arrest event (location, time of
day, presence of a witness, cause of the
cardiac arrest and first arrest rhythm),
the emergency medical services system
(type of pre-hospital transportation and
resuscitation attempt), therapy provided
(e.g. pharmacotherapy, pre-hospital
intervention, defibrillation and airway
management) and return of sponta-
neous circulation if the P-value was
<0.05 in the bivariate analysis between
non-survival and survival to admission.
We used a step-wise method to select
variables and then used the forced
entry method with these variables. We
present odds ratios (ORs) and 95% con-
fidence intervals (CIs). For all analyses,
significance levels were two-tailed, and

we considered P<0.05 as statistically
significant.

Ethical issues

The Bach Mai Hospital Scientific and
Ethics Committees approved this study
(approval number: 1785/QD-BM;
research code: BM-2015-72). We also
obtained permission from the heads
of institutions and departments of
all participating hospitals and their
respective institutional review boards
wherever available. The study was con-
ducted according to the principles of the
Declaration of Helsinki. The committees
waived written informed consent for this
non-interventional study, and public
notification of the study was made by
public posting. The authors who did
the data analysis kept the data sets in
password-protected systems and we
present anonymized data.
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Results

Data on 779 patients with out-of-hospi-
tal cardiac arrest were submitted to the
database of the Pan-Asian Resuscita-
tion Outcomes Study during the study
period. Of these patients, we excluded
31 patients aged 18 years or younger,
and 109 with traumatic injury. We also
excluded 30 patients (4.69%; 30/639)
because of long pre-hospital time (i.e.
longer than one day), which might
imply simple input errors or specific
pre-hospital circumstances. In addition,
we excluded some patients because of
missing or unknown data: one without
sex data (0.16%; 1/639), 10 without date
and time data of arrival at the emergency
department (1.56%; 10/639), five with-
out pre-hospital information (0.78%;
5/639) and three without outcome data
(0.47%; 3/639).

Fig. 1. Flowchart of transportation to hospital, treatment and outcome of people with out-of-hospital cardiac arrest included in the
study, Viet Nam, February 2014—-December 2018

779 patients assessed for eligibility

590 patients eligible for analysis

189 patients excluded

+ 31 <18 years

+ 109 with traumatic aetiology of cardiac arrest
« 30 with long pre-hospital time

« 19 with missing or unknown data

16 had bystander
cardiopulmonary resuscitation

4 had bystander automated
external defibrillation

20 had bystander
cardiopulmonary resuscitation
0 had bystander automated

539 patients taken to hospital by
non-emergency medical services

88 had bystander
cardiopulmonary resuscitation

external defibrillation

23 had bystander automated
external defibrillation

51 patients taken to hospital by emergency
medical services

15 had pre-hospital defibrillation; 12 had return

of spontaneous circulation at scene or on the

way to hospital

i

\/

297 patients taken to hospital by private or public transport
Pre-hospital defibrillation not available; 0 had return of
spontaneous circulation at scene or on the way to hospital

242 patients taken to hospital by private ambulance
34 had pre-hospital defibrillation; 100 had return of
spontaneous circulation at scene or on the way to hospital

13 had defibrillation in

52

254 died in 44 had defibrillation in

emergency | | emergency department

department 77 had return of
spontaneous circulation in
emergency department

emergency department

circulation in emergency
department

161 died in 26 had defibrillation in
emergency emergency department
department 54 had return of spontaneous

15 had return of spontaneous
circulation in emergency
department

> 32 died in emergency

department

\/

43 patients survived to hospital admission
4 had extracorporeal membrane oxygenation;
16 had hypothermia therapy; 18 survived to
discharge; 6 were in post-arrest cerebral
performance category 1or 2

81 patients survived to hospital admission
3 had extracorporeal membrane oxygenation;
64 had hypothermia therapy; 56 survived to
discharge; 26 were in post-arrest cerebral
performance category 1or 2

19 patients survived to hospital admission
0 had extracorporeal membrane oxygenation;
0 had hypothermia therapy; 9 survived to
discharge; 1 was in post-arrest cerebral
performance category 1or 2
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Table 1. Characteristics, management and outcomes of patients with out-of-hospital cardiac arrest according to type of transportation
to hospital, Viet Nam, February 2014-December 2018

Variable All cases Private or public Private Emergency medical P
transport ambulance services ambulance
Hospital taken to, no. (%) n=590 n=297 n=242 n=>51 <0.001
Bach Mai 425 (72.0) 185 (62.3) 226 (93.4) 14 (27.5)
Hue 52 (8.8) 43 (14.5) 6(2.5) 3(5.9)
Cho Ray 113(19.2) 69 (23.2) 10 (4.1) 34 (66.7)
Patient related
Age in years, mean (SD) 56.1(17.2) 57.5(17.5) 547 (17.1) 545(15.2) 0.130
Sex (male), no. (%) 440 (74.6) 214.(72.7) 187 (77.3) 39 (76.5) 0.364
Past medical history, no. (%) n=519 n=250 n=222 n=47
Heart disease 92(17.7) 43(17.2) 34 (15.3) 15(31.9) 0.024
Diabetes 69 (13.3) 29(11.6) 31(14.0) 9(19.1) 0.349
Cancer 39 (7.5) 32(12.8) 4(1.8) 3(6.4) <0.001
Hypertension 124 (23.9) 52(20.8) 53(23.9) 19 (40.4) 0.015
Renal disease 42 (8.1) 20 (8.0) 15 (6.80 7(14.9) 0.177
Respiratory disease 84 (16.2) 39 (15.6) 41 (18.5) 4 (8.5) 0.228
Hyperlipidaemia 6(1.2) 1(0.4) 0(0.0) 5(10.6) <0.001
Stroke 17 (3.3) 11 (4.4) 6(2.7) 0(0.0) 0.244
HIV 1(0.2) 1(04) 0(0.0) 0(0.0) >0.999
Event related
Place cardiac arrest occurred, no. (%) n=590 n=297 n=242 n=>51 <0.001
Home 400 (67.8) 231 (77.8) 133 (55.0) 36 (70.6)
Health-care facility 57(9.7) 19 (6.4) 34 (14.0) 4(7.8)
In emergency medical services or private 66 (11.2) 2(0.7) 59 (24.4) (9.8)
ambulance
Industrial area® 5(0.8) 4(1.3) 1(0.4) 0(0.0)
Nursing home 2(0.3) 2(0.7) 0(0.0) 0(0.0)
Place of recreation 4(0.7) 1(0.3) 2(0.8) 1(2.0)
Public or commercial building 7(1.2) 5(1.7) 1(0.4) 1(2.0)
Street or motorway 20(3.4) 9(3.0) 8(3.3) 3(5.9)
Transport centre® 2(0.3) 2(0.7) 0(0.0) 0(0.0)
Other 27 (4.6) 22 (74) 4(17) 1(2.0)
Cardiac arrest occurred between 08:00 and 197/347 (56.8) 83/158 (52.5) 91/143 (63.60  23/46 (50.0) 0.094
20:00, no. (%)
Witness to the cardiac arrest, no. (%) n=559 n=267 n=241 n=>51 <0.001
Not witnessed 115 (20.6) 75 (28.1) 39(16.2) 1(2.0)
Bystander (lay person) 25(4.5) 15 (5.6) 7(2.9) 3(5.9)
Bystander (family member) 79 (14.1) 11 (4.1) 62 (25.7) 6(11.8)
Bystander (health-care provider) 276 (49.4) 166 (62.2) 95 (39.4) 15 (29.4)
Emergency medical services or private 64 (11.4) 0(0.0) 38(15.8) 26 (51.0)
ambulance
Cause of cardiac arrest, no. (%) n=590 n=297 n=242 n=>51 0.163
Presumed cardiac cause 266 (45.1) 129 (43.4) 105 (43.4) 32 (62.7)
Respiratory cause 138 (23.4) 69 (23.2) 62 (25.6) 7(13.7)
Drowning 7(1.2) 2(0.7) 4(1.7) 120
Electrocution 12 (2.0) 8(2.7) 3(1.2) 1(2.0)
Other 167 (28 3) 89 (30.0) 68 (28 1) 10 (19.6)
First arrest rhythm, no. (%) =152 NA =123 n=29 <0.001
Ventricular tachycardia 12 (7 9) NA ( 3) 8(27.6)
Ventricular fibrillation 34(22.4) NA 29 (23.6) 5(17.2)
Unknown shockable rhythm 64 (42.1) NA 58 (47.2) 6(20.7)
Unknown unshockable rhythm 20(13.2) NA 18 (14.6) 2(6.9)
Pulseless electrical activity 5(3.3) NA 2(1.6) 3(10.3)
Asystole 17.(11.2) NA 12 (9.8) 5(17.2)
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(.. .continued)
Variable All cases Private or public Private Emergency medical P
transport ambulance services ambulance
System related
Resuscitation attempted by emergency 149 (51.7) NA 120 (49.8) 29 (61.7) 0.153
medical services or private ambulance team
(n=288), no. (%)
Time to cardiopulmonary resuscitation at 73(8.7) NA 7.8 (8.0) 5.9(10.3) 0.325
scene in minutes (n=93), mean (SD)
Time to defibrillation at scene in minutes 9.1 (4.5) NA 10.0 (3.8) 3.8(4.8) 0.008
(n=26), mean (SD)
Therapy related
Pre-hospital intervention, no. (%)
Bystander cardiopulmonary resuscitation 124/555 (22.3) 20/264 (7.6) 88/241 (36.5) 16/50 (32.0) <0.001
Pre-hospital defibrillation 49/152 (32.2) NA 34/123 (27.6) 15/29 (51.7) 0.016
Bystander automatic external 17/288 (5.9) 0(0.0) 13/241 (5.4) 4/47 (8.5) 0.494
defibrillation performed
Pre-hospital advanced airway 120/590 (20.3) 0/297 (0.0) 99/242 (40.9)  21/51(41.2) <0.001
management
Pharmacotherapy, no. (%) n=>590 n=297 n=242 n=51
Epinephrine (at scene) 134 (22.7) 0(0.0) 116 (47.9) 18(35.3) <0.001
Epinephrine (at emergency department) 539(914) 272 (91.6) 232(95.9) 35 (68.6) <0.001
Defibrillation at emergency department, no. 83/589 (14.1) 44/296 (14.9) 26/242(10.7)  13/51(25.5) 0.020
(%)
Advanced airway management at emergency 349/590 (59.2) 221/297 (74.4) 103/242 (42.6)  25/51 (49.0) <0.001
department, no. (%)
Immediate coronary angiography on n=590 n=297 n=242 n=>51
admission to hospital, no. (%)
Emergency percutaneous coronary 32(54) 9(3.0) 13 (54) 10 (19.6) <0.001
intervention
Emergency coronary artery bypass 2(0.3) 0(0.0) 2(0.8) 0(0.0) 0333
grafting
Post-resuscitation care provided, no. (%)
Extracorporeal membrane oxygenation 7/588 (1.2) 4/295 (1.4) 3/242(1.2) 0/51(0.0) 0.709
therapy
Hypothermia therapy 80/590 (13.6) 16/297 (5.4) 64/242 (26.4) 0/51(0.0) <0.001
Outcomes
Return of spontaneous circulation, no. (%) n=590 n=297 n=242 n=51
At scene or on way to the hospital 112(19.0) 0(0.0) 100 (41.3) 12 (23.5) <0.001
In emergency department 146 (24.7) 77 (25.9) 54 (22.3) 15(29.4) 0.451
Outcome of patient at emergency department, n=590 n=297 n=242 n=>51 <0.001
no. (%)
Died in emergency department 447 (75.8) 254 (85.5) 161 (66.5) 32(62.7)
Admitted to hospital 143 (24.2) 43 (14.5) 81(33.5) 19 (37.3)
Patient status, no. (%) n=>590 n=297 n=242 n=51 <0.001
Died in hospital 42(7.1) 12 (4.0) 20 (8.3) 10 (19.6)
Stillin hospital 30 days after admission 3(0.5) 2(0.7) 1(0.4) 0(0.0)
Discharged alive within 30 days of cardiac 83 (14.1) 18(6.1) 56 (23.1) 9(17.6)
arrest
Cerebral performance category 1 and category 33/590 (5.6) 6/297 (2.0) 26/242 (10.7) 1/51(2.0) <0.001

2 after cardiac arrest, no. (%)

HIV: human immunodeficiency virus; NA: not available; SD: standard deviation.

¢ Comparison between emergency medical services, private ambulance and private or public transport.
® Industrial premises, construction sites, factories, warehouses, shipyards and docks.

¢ Bus stations or terminals, train or subway stations, ferry terminals and airports.

Thus, we included 590 patients in
our analyses (Fig. 1 and Table 1). Of
these patients, 74.6% (440/590) were
men and the mean age was 56.1 years
(SD:17.2). Less than a fifth of the

54

patients (17.7%; 92/519) had a past
medical history of heart disease. Most
out-of-hospital cardiac arrests occurred
at home (67.8%; 400/590) and during
the day (56.8%; 197/347), and 68.0%

(380/559) were witnessed by bystand-
ers who included lay people, family
members and health-care providers.
A cardiac condition was the presumed
cause of the cardiac arrest in 45.1%
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Table 2. Characteristics, management and outcomes of patients with out-of-hospital
cardiac arrest according to survival to hospital admission, Viet Nam, February

2014-December 2018

Variable Died Survived P
Hospital taken to, no. (%) n=447 =143 0.041
Bach Mai 329 (73.6) 96 (67.1)
Hue 32(7.2) 20(14.0)
Cho Ray 86(19.2) 27 (18.9)
Patient related n=447 n=143
Age in years, mean (SD) 58.1(16.8) 50.0(17.2) <0.001
Sex (male), no. (%) 328 (73.4) 112 (78.3) 0.270
Past medical history, no. (%) n=391 =124
Heart disease 75 (19.0) 17 (13 7) 0.179
Diabetes 52(13.2) 17 (13.7) 0.876
Cancer 36 (9.1) 3(24) 0014
Hypertension 94 (23.8) 30 (24.2) 0928
Renal disease 38(9.6) 4(3.2) 0.023
Respiratory disease 52(13.2) 32(25.8) 0.001
Hyperlipidaemia 2(0.5) 4(3.2) 0.031
Stroke 16 (4.1) 1(0.8) 0.058
HIV 1(0.3) 0(0.0) >0.999
Other 89 (22.5) 0(8.1) <0.001
Event related
Place cardiac arrest occurred, no. (%) n=447 n=143 0.003
Home residence 298 (66.7) 102 (71.3)
Health-care facility 44(9.8) 13(9.1)
In emergency medical services or 59(13.2) 7 (4.9)
private ambulance
Industrial area? 2(0.4) 3(2.1)
Nursing home 0(0.0) 2(1.4)
Place of recreation 1(0.2) 3(.1)
Public or commercial building 6(1.3) 1(0.7)
Street or motorway 13(2.9) 7 (4.9)
Transport centre® 2(0.4) 0(0.0)
Other 22 (4.9) 5(3.5)
Cardiac arrest occurred between 08:00 and 127 (53.1) 70 (64.8) 0.047
20:00 (n=347), no. (%)
Witness to the cardiac arrest, no. (%), n=428 =131 0.001
Not witnessed 105 (24 5) 10 (7 6)
Bystander (lay person) 7(4.0) 8(6.1)
Bystander (family member) ( 0) 9(14.5)
Bystander (health-care provider) 01 (47.0) 75 (57.3)
Emergency medical services or private 45(10.5) 9(14.5)
ambulance
Cause of cardiac arrest, no. (%) n=447 =143 <0.001
Presumed cardiac cause 198 (44.3) 68 (47 6)
Respiratory cause 91 (20.4) 47 (32.9)
Drowning 5(1.1) 2(1.4)
Electrocution 5(1.1) 7(49)
Other 148 (33 ) 9(13.3)
First arrest rhythm, no. (%) =71 n=381 <0.001
Ventricular tachycardia ( 0) 7 (8.6)
Ventricular fibrillation 6 (8.5) 28 (34.6)
Unknown shockable rhythm 44.(62.0) 20 (24.7)
Unknown unshockable rhythm 2(2.8) 8(222)
Pulseless electrical activity 5(7.0) 0(0.0)
Asystole 9(12.7) 8(9.9)
(continues. . .)
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(266/590) of patients. Only 32.2%
(49/152) of people with out-of-hospital
cardiac arrest received pre-hospital
defibrillation. Only 22.3% (124/555)
of the patients received bystander car-
diopulmonary resuscitation, and 5.9%
(17/288) received bystander automated
external defibrillation. Epinephrine
was given to 22.7% (134/590) of people
with cardiac arrest before reaching
hospital and 20.3% (120/590) received
pre-hospital advanced airway manage-
ment. Hypothermia therapy was given
to 13.6% (80/590) of patients with out-
of-hospital cardiac arrest as part of post-
resuscitation care, but only 1.2% (7/588)
were given extracorporeal membrane
oxygenation therapy. Of the 590 people
with out-of-hospital cardiac arrest, 112
(19.0%) had return of spontaneous cir-
culation at the scene of the cardiac arrest
or on the way to hospital and for 146
(24.7%) people, spontaneous circulation
returned in the emergency department.
Overall, 24.2% (143/590) of people sur-
vived to hospital admission, and 14.1%
(83/590) survived to discharge from
hospital; 5.6% (33/590) survived with
good neurological function (cerebral
performance category score 1 and 2).
Our results are also summarized in the
Utstein-style template (available in the
data repository).”

About half of the people with
out-of-hospital cardiac arrest (50.3%;
297/590) were taken to hospital by
private or public transport, 41.0%
(242/590) were taken by private am-
bulance, and 8.6% (51/590) were taken
by emergency medical services. There
were statistically significant associa-
tions between type of transportation
to hospital and: past medical history
of heart disease, cancer, hypertension
and hyperlipidaemia; place where the
cardiac arrest occurred; whether the
cardiac arrest was witnessed or not;
the first arrest rhythm; administration
of pre-hospital interventions; return of
spontaneous circulation at the scene or
on the way to hospital; outcome of the
patient in the emergency department;
and final status of patients admitted to
hospital (Table 1; P<0.001).

Table 2 compares the general char-
acteristics, pre-hospital and in-hospital
management, and outcome of people
with out-of-hospital cardiac arrest who
survived to hospital admission (143
people) or who died before reaching
hospital or in the emergency department
(447 people). The mean age of people
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(.. .continued)

Variable Died Survived P
System related
Type of pre-hospital transportation, no. (%) n=447 n=143 <0.001
Emergency medical services 32(7.2) 19(13.3)
Private ambulance 161 (36.0) 81 (56.6)
Private or public transport 254 (56.8) 43 (30.1)
Resuscitation attempted by emergency 70/189 (37.0) 79/99 (79.8) <0.001
medical services or private ambulance team,
no. (%)
Time to cardiopulmonary resuscitation at 5.8(12.8) 79 (6.1) 0.270
scene in minutes (n=93), mean (SD)
Time to defibrillation at scene in minutes 5.0 (5.0) 9.6 (4.3) 0.098
(n=26), mean (SD)
Therapy related
Pharmacotherapy, no. (%) n=447 n=143
Epinephrine (at scene) 61(13.6) 73 (51.0) <0.001
Epinephrine (at emergency 416 (93.1) 123 (86.0) 0.011
department)
Pre-hospital intervention, no. (%)
Bystander cardiopulmonary 87/425 (20.5) 37/130 0.071
resuscitation (28.5)
Pre-hospital defibrillation 12/71(16.9) 37/81 (45.7) <0.001
Bystander automatic external 8/189 (4.2) 9/99 (9.1) 0.116
defibrillation
Pre-hospital advanced airway 46/447 (10.3) 74/143 <0.001
management, no. (%) (51.7)
Defibrillation at emergency department, 47/447 (10.5) 36/143 <0.001
no. (%) (25.2)
Advanced airway management at 285/447 64/143 <0.001
emergency department, no. (%) (63.8) (44.8)
Immediate coronary angiography on n=447 n=143
admission to hospital, no. (%)
Emergency percutaneous coronary 5(1.1) 27 (18.9) <0.001
intervention performed
Emergency coronary artery bypass 1(0.2) 1(0.7) 0426
grafting
Post-resuscitation care provided, no. (%)
Extracorporeal membrane 5/445 (1.1) 2/143 (1.4) 0.680
oxygenation therapy
Hypothermia therapy 12/447 (2.7) 68/143 <0.001
(47.6)
Return of spontaneous circulation, no. n=447 n=143
(%)
At scene or on way to the hospital 35(7.8) 77 (53.8) <0.001
In emergency department 73 (16.3) 73 (5 <0.001

HIV: human immunodeficiency virus; SD: standard deviation.
¢ Industrial premises, construction sites, factories, warehouses, shipyards and docks.
b Bus stations or terminals, train or subway stations, ferry terminals and airports.

who survived (50.0 years; SD: 17.2)
was younger than that of people who
died (58.1 years; SD: 16.8; P<0.001).
There was no significant difference
between people who died and people
who survived according to administra-
tion of cardiopulmonary resuscitation
by a bystander (P=0.071). Only a small
number of people received pre-hospital
defibrillation but with a significant dif-
ference between those who died (16.9%;
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12/71) and those who survived (45.7%;
37/81; P<0.001). The proportion of
people in whom spontaneous circula-
tion returned at the scene or on the
way to hospital was significantly lower
in people who died (7.8%; 35/447) than
in people who survived (53.8%; 77/143;
P<0.001).

Several factors were independently
associated with survival to admission
to hospital in people with cardiac ar-

Son N Do et al.

rest not caused by traumatic injury
(Table 3), including pre-hospital defi-
brillation (OR:3.90; 95% CI: 1.54-9.90)
and return of spontaneous circulation
in the emergency department (OR: 2.89;
95% CI: 1.03-8.12). In people with out-
of-hospital cardiac arrest presumed to be
caused by a heart condition, attendance
by emergency medical services was
inversely and independently associ-
ated with survival to hospital admission
(OR: 0.20; 95% CI: 0.04-0.94; Table 3).
The bivariate analysis of survival to
hospital in these patients is given in the
data repository.”” Pre-hospital defibril-
lation (OR: 2.87; 95% CI: 1.24-6.67)
and hypothermia therapy (OR: 5.44;
95% CI:2.33-12.74) were independently
associated with survival to hospital dis-
charge in people with out-of-hospital
cardiac arrest not caused by traumatic
injury (Table 3).

Discussion

Of 590 people with out-of-hospital
cardiac arrest included in our analysis,
about a quarter (24.2%) survived to
hospital admission, 14.1% survived to
hospital discharge and 5.6% survived
with good neurological function. We
recognize that this cohort is likely to be
highly selected as many people with out-
of-hospital cardiac arrest in Viet Nam
are not brought to hospital and might
die outside of hospital.">'”*” Our figure
for survival to hospital admission is in
line with figures reported in the Pan-
Asian Resuscitation Outcomes Study,
5.9-27.7%.'° However, our proportions
for survival to discharge and survival
with good neurological function are
higher than the rate reported in the Pan-
Asian study (0.5-8.5% and 1.6-3.0%,
respectively).”® This difference could be
due to selection bias in our study as we
only had data on patients brought to the
three highest-level public sector hospi-
tals in Viet Nam, and these cases may
not reflect all out-of-hospital cardiac
arrests in the country.

In Viet Nam, as well as in other
low- and middle-income countries, pre-
hospital care and transportation systems
are categorized into emergency medical
services and non-emergency medi-
cal services (e.g. private ambulances,
own or private transport, or public
transport)."*** In our study, half of the
people with out-of-hospital cardiac ar-
rest were brought to hospital by private
or public transport without life-support
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Table 3. Factors associated with survival of patients with out-of-hospital cardiac arrest,
Viet Nam, February 2014-December 2018: logistic regression analyses

Factors OR (95% CI)
Survival to hospital admission: non-traumatic cause

Past medical history of respiratory disease 3.13(1.20-8.17)
Pre-hospital defibrillation given 3.90 (1.54-9.90)
Attended by emergency medical services 0.51(0.18-1.45)
Pre-hospital advanced airway management provided 344 (1.20-9.84)
Return of spontaneous circulation in emergency 2.89(1.03-8.12)
department

Constant 0.214(0.002)

Survival to hospital admission: presumed cardiac cause

Age =60 years

Cardiac arrest occurred at home

Cardiac arrest witnessed

Attended by emergency medical services
Pre-hospital defibrillation given

Pre-hospital advanced airway management provided
Return of spontaneous circulation in emergency

department
Constant

Survival to discharge: non-traumatic cause

Past medical history of heart disease
Pre-hospital defibrillation given
Hypothermia therapy given

Return of spontaneous circulation in emergency

department
Constant

0.27 (0.07-1.03)
8.90 (1.55-51.13)
36.11(1.19-1097.34)
0.20 (0.04-0.94)
6.37 (1.33-30.59)
346 (0.48-25.12)
6.32(1.01-39.74)

0.002 (0.004)

0.37(0.09-1.55)
2.87 (1.24-6.67)
544 (2.33-12.74)
2.07 (0.77-5.55)

0.180 (< 0.001)

Cl: confidence interval; OR: odds ratio.
¢ P-value is given for the constant.

equipment or trained personnel. Pre-
hospital care is for the most part left to
bystanders and usually the injured or
sick person is simply carried quickly
to the nearest vehicle large enough
to accommodate him or her.”*'>** In
such situations, bystander first aid is
crucial to improve outcomes of people
with out-of-hospital cardiac arrest,”
however, bystander chest compression
is not often done in Viet Nam.” Fur-
thermore, the use of automatic external
defibrillation by a bystander before ar-
rival of the emergency medical services
in shockable out-of-hospital cardiac
arrest is associated with better survival
and functional outcomes.” However,
in our study, use of defibrillation by a
bystander did not improve survival to
hospital admission. Lack of knowledge
and skills as well as fear of doing harm
to people may prevent bystanders from
using such techniques and using them
effectively.” Thus, to improve bystander
first aid, more lay people should be
trained in first aid and to be able to train
others through a recognized emergency
first-aid programme.**

Economic and political reforms
have spurred rapid economic growth
in Viet Nam.” However, health-care
providers still have difficulty in deliver-
ing essential initial care for patients with
out-of-hospital cardiac arrest because of
low resources and inadequate infrastruc-
ture for emergency medical care, such as
dispatch centres for emergency medical
services."*** In addition, telecommuni-
cation staff do not have the ability to
identify a possible case of cardiac arrest
and provide cardiopulmonary resusci-
tation instructions to callers.” In our
study, few patients with out-of-hospital
cardiac arrest were attended to and
taken to hospital by emergency medical
services. However, the proportions of
people who had spontaneous circulation
return at the scene or on the way to the
hospital and who survived to hospital
discharge were significantly lower in
those taken to hospital by the emergency
medical services than those taken by
private ambulance. Because of the small
number of trained and qualified medical
emergency staff and the limited amount
of life-saving equipment, these staff are
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overworked and underequipped and
the medical emergency services centres
are overburdened. These factors may in
part explain why outcomes of patients
were poorer in those attended by the
emergency medical services. At the same
time, the staff may not be sufficiently
well trained or experienced to be able
to recognize out-of-hospital cardiac
arrest in their patients and provide the
required initial care.”

In view of the limited emergency
medical services in Viet Nam, private
ambulance services with capability for
cardiopulmonary resuscitation, life-
saving drugs, defibrillators or at least a
medical professional trained to deal with
emergencies have therefore been estab-
lished. In 2011, the health ministry gave
these services licences for first-aid or
patient transportation® and the policy
has not changed since then.

In our bivariate analysis, return of
spontaneous circulation at the scene
or on the way to hospital and return of
spontaneous circulation in the emer-
gency department were significantly
associated with survival to hospital
admission. However, in the logistic
regression analysis, only return of spon-
taneous circulation in the emergency
department was independently associ-
ated with survival to hospital admission.
In a Japanese study, shortening the time
from receipt of the call for emergency
medical services to return of spontane-
ous circulation was the only important
independent factor associated with good
neurological outcome in patients with
post-cardiac arrest syndrome.’® Our
study shows that the rates of return of
spontaneous circulation at the scene or
on the way to hospital and survival of
people with out-of-hospital cardiac ar-
rest were highest in those transported
by private ambulance.

Our study also shows that hy-
pothermia therapy, as part of post-
resuscitation care, was most often
given to patients brought by private
ambulance. Almost all of the people with
out-of-hospital cardiac arrest brought
by private ambulance were brought to
Bach Mai Hospital and hypothermia
therapy was only available in this hos-
pital, which may explain this finding.”®
Furthermore, hypothermia therapy was
independently associated with survival
to discharge from hospital. Hypother-
mia therapy has been shown to reduce
neurological injury after cardiac arrest
and is a cornerstone of post-cardiac ar-
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rest care.”” The higher survival rate to
discharge in patients brought to hospital
by private ambulance than in patients
brought by other types of transport
may be explained by the greater use of
hypothermia therapy in these patients.

Our study has some limitations.
Our data are from a highly selected
population of cases who were brought
to the three highest level public sector
hospitals in Viet Nam. Therefore, the
number of people with out-of-hospital
cardiac arrest is likely to be considerably
higher. In addition, data were missing
for many variables, e.g. in only 152
patients was it recorded if defibrillation
was given or not. Moreover, in our study,
a significant proportion of patients with
out-of-hospital cardiac arrest came to
hospital in private transport rather than
in emergency medical services or private
ambulances. Some of these people might
be attended to by primary health-care
providers, may be pronounced dead

at home or might not be brought to
hospital at all. These factors resulted in
incomplete enrolment of patients into
the database of the study, which may
have introduced selection bias.*® These
limitations might account for some dif-
ferences in figures reported from other
countries.

To improve survival outcomes in
people with out-of-hospital cardiac
arrest, the emergency medical services
system in Viet Nam needs to be en-
hanced through, for example: increasing
bystander cardiopulmonary resuscita-
tion; making public access defibrillators
more available; increasing the number
of emergency medical service ambu-
lances; improving post-resuscitation
care; and increasing the use of private
ambulances, as well as developing a stan-
dard emergency first-aid programme
for both health-care personnel and the
community. Hl

Son N Do et al.
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Résumé

Survie aprés un arrét cardiaque hors hopital au Viet Nam: étude de cohorte prospective multicentrique

Objectif Examiner les facteurs associés a la survie aprés un arrét
cardiaque hors hopital au Viet Nam.

Méthodes Nous avons mené une étude d'observation prospective
multicentrique sur des personnes (> 18 ans) ayant subi un arrét
cardiaque hors hopital (non traumatique) et admis dans trois hopitaux
tertiaires au Viet Nam entre février 2014 et décembre 2018. Nous avons
récolté des données sur les caractéristiques, la gestion et I'issue de ces
patients, puis les avons comparés en fonction du moyen de transport
vers I'hopital et de la survie apres leur admission. Enfin, nous avons
mesuré des facteurs associés a la survie lors de I'admission et de la
sortie de I'établissement al'aide d'une analyse de régression logistique.
Résultats Sur les 590 patients éligibles ayant subi un arrét cardiaque
hors hopital, 440 (74,6%) étaient des hommes et I'dge moyen s'élevait
a56,1ans (écarttype: 17.2). Seulement 24,2% (143/590) d'entre eux ont
survécu a leur admission a I'nopital, et 14,1% (83/590) a leur sortie. La
plupart des arréts cardiaques (67,8%; 400/590) ont eu lieu a domicile,

79,4% (444/559) se sont déroulés en présence de passants et 22,3%
(124/555) ont fait I'objet d'une réanimation cardiopulmonaire pratiquée
par un témoin. A peine 8,6% (51/590) des patients ont été emmenés
a I'hopital par les services médicaux d'urgence, et 32,2% (49/152)
ont recu une défibrillation avant d'arriver a I'hopital. La défibrillation
préhospitaliere (odds ratio, OR: 3,90; intervalle de confiance de 95%,
IC: 1,54-9,90) et le rétablissement d'une circulation spontanée aux
urgences (OR: 2,89; IC de 95%: 1,03-8,12) allaient de pair avec la survie
apres admission. L'hypothermie thérapeutique administrée durant les
s0ins post-réanimation était liée a un meilleur taux de survie au moment
de la sortie (OR: 5,44; IC de 95%:2,33-12,74).

Conclusion Des aménagements sont requis en matiere de services
médicaux d'urgence au Viet Nam, notamment pour encourager la
pratique de la réanimation cardiopulmonaire aupres de la population,
garantir l'acces a des défibrillateurs publics, mais aussi améliorer les soins
en ambulance et en post-réanimation.

Pestome

BbIKnBaHMe nocsie BHEO6OIbHUYHON OCTAHOBKM cepAaua,

KOropTtHoe ncciegosaHue

LUenb V13yunts dakTopbl, CBA3aHHbIE C BbIKMBaHWEM MocCie
BHEOO/bHNYHOW OCTaHOBKM CepaLia BO BbeTHame.

MeTtoabl ABTOPbI MPOBENN MHOTOLEHTPOBOE MPOCMNEKTUBHOE
obcepBaLMOHHOe 1cChejoBaHMe Cpean NauneHToB (CTapue
18 neT), NoCTYNMBWNX C BHEOONBHUYHOM OCTAaHOBKOM cepAlia (He
CBA3aHHOW C TPaBMOW) B TPW CrieLnani3npoBaHHble 00bHNLbI
BO BbeTHame ¢ deBpana 2014 1. no aekabpb 2018 T. bbinv cobpaHbl
[laHHblE O XapaKTePUCTMKaxX U pe3ynbTaTax NeyeHna NalymneHTos C
BHEOObHNYHOM OCTAHOBKOM CeP/LA, KOTOPbIE 3aTeM CPaBHMBANUCH
no BMAAM TPAHCMOPTUPOBKM B GONBHULY 1 MOKazaTensam
BbIXKMBAEMOCTM 4O MOMEHTA roCiuTanm3aLmm. ABTOpbl OLeHWU
dakTopbl, CBA3aHHbIE C BbIKMBAEMOCTbIO MPY MOCTYyMNeHn B
6ONbHYWILY ¥ BbIMMCKE U3 Hee, NCMOMb3yA aHanu3 Ha OCHOBaHWM
MOoZEeN NOrNCTUYECKON Perpeccum.

Pe3ynbtatbi /13 590 uenosek c BHeOOMbHIYHOM OCTAaHOBKOW CepALa,
OTBeYaloLLMX YCTaHOBAEHHbBIM KpuTepuam, 66110 440 (74,6%) MyKUH,
CpefHWiA BO3PaCT KOTOPbIX COCTaBnAn 56,1 roaa (CTaHAapTHoe
oTknoHeHwue: 17,2). luwb 24,2% (143/590) 13 yKaszaHHbIX
NaUMEHTOB BbKMAM 10 NOCTyNNeHus B 6onbHMLY, a 14,1% (83/590)
BbIKMAW [0 BBINUCKM 13 6ONbHULIBI. BONBWWHCTBO CEpAeYHbIX

BbeTtHam: MHOroyeHTpoBOe NPoCNeKTUBHOE

npucTynos (67,8%; 400/590) npowsownn aoma, 79,4% (444/559)
NPOM3OWM Ha rnasax y apyrux nogen, a 22,3% (124/555)
nocTpaaaBLUVX Obina NPOoBeAeHa CepAeUHO-IeroyHasn peaHnmaLns
ceuaeTenammn npowvcwecTsua. Tonbko 8,6% (51/590) uenosek
6binv focTaBneHsl B 6ONbHNULY Cyxbamn CKOPON MeaULIMHCKOM
nomoun, a 32,2% (49/152) 6boina nposefeHa AorocnuTanbHas
nednbpunnauvs. lorocnutanbHasa fgedubpunnaumna (oTHoweHne
waHcos, OW: 3,90; 95%-1 noeepuTenbHbI MHTepBan, AM: 1,54-
9,90) 1 CNOHTaHHOE BOCCTAaHOBNEHWE KPOBOOOpalleHua B
oTtaeneHnn ckopor nomoum (OLL: 2,89; 95%-in [11:1,03-8,12)
ACCOLMMPOBANHMCH C BbIKMBAEMOCTBIO 10 roCnuUTanv3auun. JleyeHne
C MPUMEHEHWEM WCKYCCTBEHHOTO MOHWXeHUsA TemnepaTypbl Tena
B MOCTPEaHVMALVOHHbIA Nepuon acCoUMMPYeTCA C BbKMBAHVIEM
nocne soinuckn (OLWL:5,44; 95%-1n [1:2,33-12,74).

BbiBog HeobxoavMo coBepLLEHCTBOBATL PabOoTy Cy»KO HEOTNIOXHOW
MeOULMUHCKOM nomol BO BbeTHame, B 4aCTHOCTM MOBbLICUTb
BEPOATHOCTb OKa3aHWA cepfeyHOo-NeroyHor peaHnmaymm
cBMaeTenAmMy nponcllecTsna 1 obecneunts obLefoCTyNHOCTb
AednOpUNNATOPOB, a TakKe COBEPLIEHCTBOBaTL PAbOTY MallH
CKOPOW MOMOLLN 1 NeYeHwe B MOCTPeaHUMaLVOHHBIV Nepro,.

Resumen

Supervivencia después de un paro cardiaco extrahospitalario en Vietnam: un estudio de cohorte prospectiva multicéntrico

Objetivo Investigar los factores relacionados con la supervivencia
después de un paro cardiaco extrahospitalario en Vietnam.

Métodos Se realiz6 un estudio observacional prospectivo multicéntrico
de personas (>18 afios) que sufrieron un paro cardfaco extrahospitalario
(no causado por traumatismo) en tres hospitales terciarios de Vietnam

Bull World Health Organ 2021;99:50-61 I doi: http://dx.doi.org/10.2471/BLT.20.269837

entre febrero de 2014 y diciembre de 2018. Se recopilaron los datos
sobre las caracteristicas, el tratamiento y los resultados de los pacientes
con paro cardfaco extrahospitalario y se compararon segun el tipo de
transporte hasta el hospital y la supervivencia hasta el ingreso en el
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hospital. Se evaluaron los factores de supervivencia hasta el ingreso y el
alta hospitalaria mediante un andlisis de regresion logfstica.

Resultados De las 590 personas que cumplian los requisitos y sufrieron
un paro cardiaco extrahospitalario, 440 (74,6 %) eran hombres, cuya
edad media era de 56,1 afnos (desviacion estandar: 17,2). Solo el 24,2 %
(143/590) de estas personas sobrevivieron al ingreso en el hospital y
el 14,1 % (83/590) sobrevivieron al alta hospitalaria. La mayorfa de los
paros cardiacos (67,8 %; 400/590) ocurrieron en el hogar, el 79,4 %
(444/559) fueron presenciados por transeuntes y el 22,3 % (124/555)
recibieron reanimacién cardiopulmonar por un transeunte. Solo el 8,6 %
(51/590) de las personas fueron trasladadas al hospital por los servicios
médicos de emergencia y el 32,2 % (49/152) recibieron desfibrilacion

Son N Do et al.

prehospitalaria. La desfibrilacion prehospitalaria (oportunidad relativa,
OR:3,90; intervalo de confianza del 95 %, IC: 1,54-9,90) y la recuperacién
de la circulacién espontanea en el servicio de urgencias (OR: 2,89; IC
del 95 %: 1,03-8,12) se asociaron a la supervivencia hasta el ingreso
hospitalario. La hipotermia terapéutica durante la atencion posterior
a la reanimacion se asocio a la supervivencia hasta el alta (OR: 5,44; IC
del 95 %: 2,33-12,74).

Conclusion Se necesitan mejoras en los servicios médicos de
emergencia de Vietnam, como el aumento de las intervenciones de
reanimacion cardiopulmonar para transedntes y de desfibrilacion
de acceso publico, asi como el mejoramiento de la atencion en las
ambulancias y de los cuidados posteriores a la reanimacion.

References

1. Sasson C, Rogers MA, Dahl J, Kellermann AL. Predictors of survival from
out-of-hospital cardiac arrest: a systematic review and meta-analysis. Circ
Cardiovasc Qual Outcomes. 2010 Jan;3(1):63-81. doi: http://dx.doi.org/10
.1161/CIRCOUTCOMES.109.889576 PMID: 20123673

2. Berdowski J, Berg RA, Tijssen JG, Koster RW. Global incidences of
out-of-hospital cardiac arrest and survival rates: systematic review of 67
prospective studies. Resuscitation. 2010 Nov;81(11):1479-87. doi: http://dx
.doi.org/10.1016/j.resuscitation.2010.08.006 PMID: 20828914

3. Nichol G, Thomas E, Callaway CW, Hedges J, Powell JL, Aufderheide TP, et
al,; Resuscitation Outcomes Consortium Investigators. Regional variation
in out-of-hospital cardiac arrest incidence and outcome. JAMA. 2008 Sep
24;300(12):1423-31. doi: http://dx.doi.org/10.1001/jama.300.12.1423 PMID:
18812533

4. IwamiT, Nichol G, Hiraide A, Hayashi Y, NishiuchiT, Kajino K, et al.
Continuous improvements in “chain of survival”increased survival after
out-of-hospital cardiac arrests: a large-scale population-based study.
Circulation. 2009 Feb 10;119(5):728-34. doi: http://dx.doi.org/10.1161/
CIRCULATIONAHA.108.802058 PMID: 19171854

5. Rao BH, Sastry BK, Chugh SS, Kalavakolanu S, Christopher J, Shangula D,
et al. Contribution of sudden cardiac death to total mortality in India — a
population based study. Int J Cardiol. 2012 Jan 26;154(2):163-7. doi: http://
dx.doi.org/10.1016/j.jcard.2010.09.016 PMID: 20888652

6. RogerVL, Go AS, Lloyd-Jones DM, Adams RJ, Berry JD, Brown TM, et al,;
American Heart Association Statistics Committee and Stroke Statistics
Subcommittee. Heart disease and stroke statistics—2011 update: a report
from the American Heart Association. Circulation. 2011 Feb 1;123(4):e18—
209. doi: http://dx.doi.org/10.1161/CIR.0b013e3182009701 PMID: 21160056

7. Jacobs I, NadkarniV, Bahr J, Berg RA, Billi JE, Bossaert L, et al. Cardiac
arrest and cardiopulmonary resuscitation outcome reports. Update
and simplification of the Utstein templates for resuscitation registries: a
statement for healthcare professionals from a task force of the International
Liaison Committee on Resuscitation (American Heart Association,
European Resuscitation Council, Australian Resuscitation Council, New
Zealand Resuscitation Council, Heart and Stroke Foundation of Canada,
InterAmerican Heart Foundation, Resuscitation Councils of Southern Africa).
Circulation. 2004 Nov 23;110(21):3385-97. doi: http://dx.doi.org/10.1161/01
.CIR.0000147236.85306.15 PMID: 15557386

8. Zive D, Koprowicz K, Schmidt T, Stiell |, Sears G, Van Ottingham L, et
al,; Resuscitation Outcomes Consortium Investigators. Variation in
out-of-hospital cardiac arrest resuscitation and transport practices in
the Resuscitation Outcomes Consortium: ROC Epistry-Cardiac Arrest.
Resuscitation. 2011 Mar;82(3):277-84. doi: http://dx.doi.org/10.1016/j
resuscitation.2010.10.022 PMID: 21159416

9. Girotra S, van Diepen S, Nallamothu BK, Carrel M, Vellano K, Anderson ML,
et al,; CARES Surveillance Group and the HeartRescue Project. Regional
variation in out-of-hospital cardiac arrest survival in the United States.
Circulation. 2016 May 31;133(22):2159-68. doi: http://dx.doi.org/10.1161/
CIRCULATIONAHA.115.018175 PMID: 27081119

10. Ong ME, Shin SD, De Souza NN, Tanaka H, Nishiuchi T, Song KJ, et al.; PAROS
Clinical Research Network. Outcomes for out-of-hospital cardiac arrests
across 7 countries in Asia: the Pan Asian Resuscitation Outcomes Study
(PAROS). Resuscitation. 2015 Nov;96:100-8. doi: http://dx.doi.org/10.1016/j
resuscitation.2015.07.026 PMID: 26234891

60

11. McNally B, Robb R, Mehta M, Vellano K, Valderrama AL, Yoon PW, et al,;
Centers for Disease Control and Prevention. Out-of-hospital cardiac arrest
surveillance—Cardiac Arrest Registry to Enhance Survival (CARES), United
States, October 1, 2005-December 31, 2010. MMWR Surveill Summ. 2011
Jul 29;60(8):1-19. PMID: 21796098

12. Ong ME, Cho J, Ma MH, Tanaka H, Nishiuchi T, Al Sakaf O, et al.; PAROS
Investigators. Comparison of emergency medical services systems in the
pan-Asian resuscitation outcomes study countries: report from a literature
review and survey. Emerg Med Australas. 2013 Feb;25(1):55-63. doi: http://
dx.doi.org/10.1111/1742-6723.12032 PMID: 23379453

13.  Hoang BH, Dao XD, Nakahara S, Sakamoto T. The need for improving
access to emergency care through community involvement in low- and
middle-income countries: a case study of cardiac arrest in Hanoi, Vietnam.
Emerg Med Australas. 2018 Dec;30(6):867-9. doi: http://dx.doi.org/10.1111/
1742-6723.13134 PMID: 30008174

14. Lee SCL, Mao DR, Ng YY, Leong BS, Supasaovapak J, Gaerlan FJ, et al,;
PAROS Clinical Research Network. Emergency medical dispatch services
across Pan-Asian countries: a web-based survey. BMC Emerg Med. 2020
Jan 7;20(1):1. doi: http://dx.doi.org/10.1186/512873-019-0299-1 PMID:
31910801

15. Nguyen TL, Nguyen TH, Morita S, Sakamoto J. Injury and pre-hospital
trauma care in Hanoi, Vietnam. Injury. 2008 Sep;39(9):1026-33. doi: http://
dx.doi.org/10.1016/j.injury.2008.03.011 PMID: 18635179

16. NguyenTS. Viet Nam: improvements in trauma care capabilities in the
network of health facilities in Hanoi. In: Mock C, Juillard C, Joshipura M,
Goosen J, editors. Strengthening care for the injured: success stories and
lessons learned from around the world. Geneva: World Health Organization;
2010. pp. 33-7.

17. NagataT, Takamori A, Kimura Y, Kimura A, Hashizume M, Nakahara S. Trauma
center accessibility for road traffic injuries in Hanoi, Vietnam. J Trauma
Manag Outcomes. 2011 Sep 30;5(1):11. doi: http://dx.doi.org/10.1186/1752
-2897-5-11 PMID: 21962210

18. Pan-Asian Resuscitation Outcomes Study (PAROS). Clinical Research
Network. Singapore: Singapore Clinical Research Institute; 2010. Available
from: www.scri.edu.sg/crn/pan-asian-resuscitation-outcomes-study-paros
-clinical-research-network-crn/about-paros/ [cited 2020 Apr 19].

19. Doctor NE, Ahmad NS, Pek PP, Yap S, Ong ME. The Pan-Asian Resuscitation
Outcomes Study (PAROS) clinical research network: what, where, why
and how. Singapore Med J. 2017 Jul;58(7):456-8. doi: http://dx.doi.org/10
11622/smedj.2017057 PMID: 28741005

20. Nielsen K, Mock C, Joshipura M, Rubiano AM, Zakariah A, Rivara F.
Assessment of the status of prehospital care in 13 low- and middle-income
countries. Prehosp Emerg Care. 2012 Jul-Sep;16(3):381-9. doi: http://dx.doi
.0rg/10.3109/10903127.2012.664245 PMID: 22490009

21. Berg RA, Hemphill R, Abella BS, Aufderheide TP, Cave DM, Hazinski MF, et al.
Part 5: adult basic life support: 2010 American Heart Association Guidelines
for Cardiopulmonary Resuscitation and Emergency Cardiovascular Care.
Circulation. 2010 Nov 2;122(18 Suppl 3):5685-705. doi: http://dx.doi.org/10
1161/CIRCULATIONAHA.110.970939 PMID: 20956221

22. Vaillancourt C, Charette ML, Bohm K, Dunford J, Castrén M. In out-of-
hospital cardiac arrest patients, does the description of any specific
symptoms to the emergency medical dispatcher improve the accuracy
of the diagnosis of cardiac arrest: a systematic review of the literature.
Resuscitation. 2011 Dec;82(12):1483-9. doi: http://dx.doi.org/10.1016/j
resuscitation.2011.05.020 PMID: 21704442

Bull World Health Organ 2021,99:50-61| doi: http://dx.doi.org/10.2471/BLT.20.269837


http://dx.doi.org/10.1161/CIRCOUTCOMES.109.889576
http://dx.doi.org/10.1161/CIRCOUTCOMES.109.889576
http://www.ncbi.nlm.nih.gov/pubmed/20123673
http://dx.doi.org/10.1016/j.resuscitation.2010.08.006
http://dx.doi.org/10.1016/j.resuscitation.2010.08.006
http://www.ncbi.nlm.nih.gov/pubmed/20828914
http://dx.doi.org/10.1001/jama.300.12.1423
http://www.ncbi.nlm.nih.gov/pubmed/18812533
http://dx.doi.org/10.1161/CIRCULATIONAHA.108.802058
http://dx.doi.org/10.1161/CIRCULATIONAHA.108.802058
http://www.ncbi.nlm.nih.gov/pubmed/19171854
http://dx.doi.org/10.1016/j.ijcard.2010.09.016
http://dx.doi.org/10.1016/j.ijcard.2010.09.016
http://www.ncbi.nlm.nih.gov/pubmed/20888652
http://dx.doi.org/10.1161/CIR.0b013e3182009701
http://www.ncbi.nlm.nih.gov/pubmed/21160056
http://dx.doi.org/10.1161/01.CIR.0000147236.85306.15
http://dx.doi.org/10.1161/01.CIR.0000147236.85306.15
http://www.ncbi.nlm.nih.gov/pubmed/15557386
http://dx.doi.org/10.1016/j.resuscitation.2010.10.022
http://dx.doi.org/10.1016/j.resuscitation.2010.10.022
http://www.ncbi.nlm.nih.gov/pubmed/21159416
http://dx.doi.org/10.1161/CIRCULATIONAHA.115.018175
http://dx.doi.org/10.1161/CIRCULATIONAHA.115.018175
http://www.ncbi.nlm.nih.gov/pubmed/27081119
http://dx.doi.org/10.1016/j.resuscitation.2015.07.026
http://dx.doi.org/10.1016/j.resuscitation.2015.07.026
http://www.ncbi.nlm.nih.gov/pubmed/26234891
http://www.ncbi.nlm.nih.gov/pubmed/21796098
http://dx.doi.org/10.1111/1742-6723.12032
http://dx.doi.org/10.1111/1742-6723.12032
http://www.ncbi.nlm.nih.gov/pubmed/23379453
http://dx.doi.org/10.1111/1742-6723.13134
http://dx.doi.org/10.1111/1742-6723.13134
http://www.ncbi.nlm.nih.gov/pubmed/30008174
http://dx.doi.org/10.1186/s12873-019-0299-1
http://www.ncbi.nlm.nih.gov/pubmed/31910801
http://dx.doi.org/10.1016/j.injury.2008.03.011
http://dx.doi.org/10.1016/j.injury.2008.03.011
http://www.ncbi.nlm.nih.gov/pubmed/18635179
http://dx.doi.org/10.1186/1752-2897-5-11
http://dx.doi.org/10.1186/1752-2897-5-11
http://www.ncbi.nlm.nih.gov/pubmed/21962210
http://www.scri.edu.sg/crn/pan-asian-resuscitation-outcomes-study-paros-clinical-research-network-crn/about-paros/
http://www.scri.edu.sg/crn/pan-asian-resuscitation-outcomes-study-paros-clinical-research-network-crn/about-paros/
http://dx.doi.org/10.11622/smedj.2017057
http://dx.doi.org/10.11622/smedj.2017057
http://www.ncbi.nlm.nih.gov/pubmed/28741005
http://dx.doi.org/10.3109/10903127.2012.664245
http://dx.doi.org/10.3109/10903127.2012.664245
http://www.ncbi.nlm.nih.gov/pubmed/22490009
http://dx.doi.org/10.1161/CIRCULATIONAHA.110.970939
http://dx.doi.org/10.1161/CIRCULATIONAHA.110.970939
http://www.ncbi.nlm.nih.gov/pubmed/20956221
http://dx.doi.org/10.1016/j.resuscitation.2011.05.020
http://dx.doi.org/10.1016/j.resuscitation.2011.05.020
http://www.ncbi.nlm.nih.gov/pubmed/21704442

Son N Do et al.

23.

24.

25.

26.

27.

28.

29.

Bull World Health Organ 2021;99:50-61| doi: http://dx.doi.org/10.2471/BLT.20.269837

Lerner EB, Rea TD, Bobrow BJ, Acker JE 3rd, Berg RA, Brooks SC, et al,;
American Heart Association Emergency Cardiovascular Care Committee;
Council on Cardiopulmonary, Critical Care, Perioperative and Resuscitation.
Emergency medical service dispatch cardiopulmonary resuscitation
prearrival instructions to improve survival from out-of-hospital cardiac
arrest: a scientific statement from the American Heart Association.
Circulation. 2012 Jan 31;125(4):648-55. doi: http://dx.doi.org/10.1161/CIR
.0b013e31823ee5fc PMID: 22230482

Cummins RO, Chamberlain DA, Abramson NS, Allen M, Baskett PJ, Becker L,
et al. Recommended guidelines for uniform reporting of data from out-of-
hospital cardiac arrest: the Utstein Style. A statement for health professionals
from a task force of the American Heart Association, the European
Resuscitation Council, the Heart and Stroke Foundation of Canada, and the
Australian Resuscitation Council. Circulation. 1991 Aug;84(2):960-75. doi:
http://dx.doi.org/10.1161/01.CIR.84.2.960 PMID: 1860248

Do SN, Luong CQ, Pham DT, Nguyen CV, Ton TT, Thao TNP, et al.
Supplementary files: survival after out-of-hospital cardiac arrest, Vietnam:

a multicentre prospective cohort study [data repository]. London: figshare;
2020. doi: http://dx.doi.org/10.6084/m9.figshare.12800153doi: http://dx.doi
.0rg/10.6084/m9.figshare.12800153

Ajam K, Gold LS, Beck SS, Damon S, Phelps R, Rea TD. Reliability of the
Cerebral Performance Category to classify neurological status among
survivors of ventricular fibrillation arrest: a cohort study. Scand J Trauma
Resusc Emerg Med. 2011 06 15;19(1):38. doi: http://dx.doi.org/10.1186/
1757-7241-19-38 PMID: 21672267

Walton M, Harrison R, Chevalier A, Esguerra E, Van Duong D, Chinh ND, et al.
Improving hospital death certification in Viet Nam: results of a pilot study
implementing an adapted WHO hospital death report form in two national
hospitals. BMJ Glob Health. 2016 Apr 25;1(1):e000014. doi: http://dx.doi
.0rg/10.1136/bmijgh-2015-000014 PMID: 28588910

Perkins GD, Travers AH, Berg RA, Castren M, Considine J, Escalante R, et al,;
Basic Life Support Chapter Collaborators. Part 3: Adult basic life support
and automated external defibrillation: 2015 International Consensus on
Cardiopulmonary Resuscitation and Emergency Cardiovascular Care Science
with Treatment Recommendations. Resuscitation. 2015 Oct;95:e43-69. doi:
http://dx.doi.org/10.1016/j.resuscitation.2015.07.041 PMID: 26477428
Pollack RA, Brown SP.Rea T, Aufderheide T, Barbic D, Buick JE, et al.; ROC
Investigators. Impact of bystander automated external defibrillator use on
survival and functional outcomes in shockable observed public cardiac
arrests. Circulation. 2018 May 15;137(20):2104-13. doi: http://dx.doi.org/10
.1161/CIRCULATIONAHA.117.030700 PMID: 29483086

30.

31

32.

33.

34.

35.

36.

37.

38.

Research
Out-of-hospital cardiac arrest, Viet Nam

Shams A, Raad M, Chams N, Chams S, Bachir R, El Sayed MJ. Community
involvement in out of hospital cardiac arrest: a cross-sectional study
assessing cardiopulmonary resuscitation awareness and barriers among the
Lebanese youth. Medicine (Baltimore). 2016 Oct;95(43):e5091. doi: http://dx
.doi.org/10.1097/MD.0000000000005091 PMID: 27787361

Hoang BH, Nakahara S, Nguyen HT. Training of potential trainers on
lay-people CPR in Vietnam. Resuscitation. 2019 Mar;136:149-50. doi: http://
dx.doi.org/10.1016/j.resuscitation.2019.01.030 PMID: 30716430

Kang S, Seo H, Ho BD, Nguyen PTA. Implementation of a sustainable
training system for emergency in Vietnam. Front Public Health. 2018 Jan
29,6:4. doi: http://dx.doi.org/10.3389/fpubh.2018.00004 PMID: 29441344
The World Bank in Vietnam. Washington, DC: The World Bank; 2019.
Available from: www.worldbank.org/en/country/vietnam/overview [cited
2019 Oct 18].

Chinh LQ, Manabe T, Son DN, Chi NV, Fujikura Y, Binh NG, et al. Clinical
epidemiology and mortality on patients with acute respiratory distress
syndrome (ARDS) in Vietnam. PLoS One. 2019 Aug 15;14(8):e0221114. doi:
http://dx.doi.org/10.1371/journal.pone.0221114 PMID: 31415662
Conditions for grant of operation licenses for first-aid or patient
transportation service facilities. Circular No. 41/2011/TT-BYT dated on
November 14, 2011: guidance on issuance of practice certificates for
medical practitioners and operation licenses for medical examination and
treatment facilities. Hanoi: Vietnam Ministry of Health; 2011.

Komatsu T, Kinoshita K, Sakurai A, Moriya T, Yamaguchi J, Sugita A, et al.
Shorter time until return of spontaneous circulation is the only independent
factor for a good neurological outcome in patients with post-cardiac arrest
syndrome. Emerg Med J. 2014 Jul;31(7):549-55. doi: http://dx.doi.org/10
1136/emermed-2013-202457 PMID: 23639589

Walker AC, Johnson NJ. Targeted temperature management and post-
cardiac arrest care. Emerg Med Clin North Am. 2019 Aug;37(3):381-93. doi:
http://dx.doi.org/10.1016/j.emc.2019.03.002 PMID: 31262410

Krumholz HM. Registries and selection bias: the need for accountability. Circ
Cardiovasc Qual Outcomes. 2009 Nov;2(6):517-18. doi: http://dx.doi.org/10
.1161/CIRCOUTCOMES.109.916601 PMID: 20031886

61


http://dx.doi.org/10.1161/CIR.0b013e31823ee5fc
http://dx.doi.org/10.1161/CIR.0b013e31823ee5fc
http://www.ncbi.nlm.nih.gov/pubmed/22230482
http://dx.doi.org/10.1161/01.CIR.84.2.960
http://www.ncbi.nlm.nih.gov/pubmed/1860248
http://dx.doi.org/10.6084/m9.figshare.12800153
http://dx.doi.org/10.6084/m9.figshare.12800153
http://dx.doi.org/10.6084/m9.figshare.12800153
http://dx.doi.org/10.1186/1757-7241-19-38
http://dx.doi.org/10.1186/1757-7241-19-38
http://www.ncbi.nlm.nih.gov/pubmed/21672267
http://dx.doi.org/10.1136/bmjgh-2015-000014
http://dx.doi.org/10.1136/bmjgh-2015-000014
http://www.ncbi.nlm.nih.gov/pubmed/28588910
http://dx.doi.org/10.1016/j.resuscitation.2015.07.041
http://www.ncbi.nlm.nih.gov/pubmed/26477428
http://dx.doi.org/10.1161/CIRCULATIONAHA.117.030700
http://dx.doi.org/10.1161/CIRCULATIONAHA.117.030700
http://www.ncbi.nlm.nih.gov/pubmed/29483086
http://dx.doi.org/10.1097/MD.0000000000005091
http://dx.doi.org/10.1097/MD.0000000000005091
http://www.ncbi.nlm.nih.gov/pubmed/27787361
http://dx.doi.org/10.1016/j.resuscitation.2019.01.030
http://dx.doi.org/10.1016/j.resuscitation.2019.01.030
http://www.ncbi.nlm.nih.gov/pubmed/30716430
http://dx.doi.org/10.3389/fpubh.2018.00004
http://www.ncbi.nlm.nih.gov/pubmed/29441344
http://www.worldbank.org/en/country/vietnam/overview
http://dx.doi.org/10.1371/journal.pone.0221114
http://www.ncbi.nlm.nih.gov/pubmed/31415662
http://dx.doi.org/10.1136/emermed-2013-202457
http://dx.doi.org/10.1136/emermed-2013-202457
http://www.ncbi.nlm.nih.gov/pubmed/23639589
http://dx.doi.org/10.1016/j.emc.2019.03.002
http://www.ncbi.nlm.nih.gov/pubmed/31262410
http://dx.doi.org/10.1161/CIRCOUTCOMES.109.916601
http://dx.doi.org/10.1161/CIRCOUTCOMES.109.916601
http://www.ncbi.nlm.nih.gov/pubmed/20031886

	Figure 1
	Table 1
	Table 2
	Table 3

